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Abstract: 	The study aimed to provide information on growth patterns and condition factors affecting the 
eleotrid fish Butis koilomatodon from the Mekong Delta, Vietnam, as depending on gender, 
season and sites. Totally, 1,063 fish specimens (768 males and 295 females) were collected from 
January to December 2019 along the mudflat and mangroves in the Tra Vinh, Soc Trang, Bac 
Lieu and Ca Mau Provinces. The weight and total length of this species were significantly dif-
ferent between genders, seasons and sites. The length-weight relationship was positive, being 
affected by gender, season and study area. The change in growth patterns (negative and positive 
allometry and isometry) depended on the season and the region since the slope (b) fluctuated 
from 1.89±0.17 to 3.33±0.10. This species was generally characterised by a negative allometric 
growth, as b (2.66) was significantly lower than the isometric threshold. The conditional factor 
of B. koilomatodon was close to the well-being value and was not impacted by gender but de-
pended on season and site variables. These results showed that the species was well-adapted to 
the habitat and to the dry season.

Key words: Butinae, seasonal growth differences, spatial growth differences, negative allometric growth

Introduction
Butis koilomatodon (Bleeker, 1849) is an eleotrid 
species occurring in the coastal regions and estuar-
ies throughout the Indo-Pacific Ocean between Chi-
na, Philippines, Australia and Madagascar (Miller 
et al. 1989). The distribution of the species is from 

freshwater to brackish, ranging from East Africa 
to Fiji (McDowall 1997, Froese & Pauly 2019). 
The annual fish yield in downstream of the Mekong 
River Basin is c. 2 million tons (Hortle 2009) and, 
in 2019, it has reached 3.2 million tons (Kieu Linh 
2019). Among other species, Butis spp. played an 
essential role in the total fisheries production in the 
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Mekong Delta, with their life cycle and distribution 
depending on the ecosystem of the Mekong River 
(Poulsen et al. 2002). Many groups of goby-related 
fishes lay eggs and complete their life cycles in the 
lower Mekong River (Blaber 2008).

In Vietnam, five species of the genus Butis 
have been recorded: B. butis (Hamilton, 1822), 
B. amboinensis (Bleeker, 1853), B. gymnopomus 
(Bleeker, 1853), B. koilomatodon and B. humeralis 
(Valenciennes, 1837) (Tran et al. 2013). Amongst 
them, B.koilomatodon is a commercially valuable 
species, especially in coastal estuaries from Duyen 
Hai (Tra Vinh Province) to Cu Lao Dung, Tran De 
(Soc Trang Province), Hoa Binh, Dong Hai (Bac 
Lieu Province) and Dam Doi (Ca Mau Province). 
So far, this mud sleeper goby has been caught in 
natural habitats mainly and is facing overexploita-
tion (Trinh & Tran 2012), which seriously plunged 
the yield of this species. 

Understanding the relationship between length 
and weight (LWR) of the species is a necessary tool 
for evaluating fish population and estimating fish 
length and weight (Khaironizam & Norma-Rashid 
2002, Mahmood et al. 2012, Dinh et al. 2016). The 
data were used to get the regression coefficient value 
(b), which brings useful information for estimating 
fish growth patterns (Froese 2006). The factor af-
fecting the condition (CF) is a valuable indicator 
for comparison of fish well-being between regions, 
seasons and genders (Abdoli et al. 2009a, 2009b). 
However, data of the growth pattern and condition 
factor varies between fish sizes and seasons as well 
as between males and females. With little and frag-
mented data, this study was set to provide more pre-
cise information on the growth and adaptation of B. 
koilomatodon in the Mekong Delta. Furthermore, 
the data are to be added to the database of the local 
fish for the estuaries of the Mekong Delta in order 
to be used as a baseline record for the purposes of 
further studies. 

Materials and Methods
Study site and fish collection
This study was carried out at six sites along the 
coastline: Long Huu, Duyen Hai, Tra Vinh (LH, 
9°41’18.6”N 106°30’35.8”E); An Thanh 3, Cu Lao 
Dung, Soc Trang (AT3, 9°33’20.1”N 106°16’57.9”E); 
Trung Binh, Tran De, Soc Trang (TB, 9°29’26.8”N 
106°11’58.5”E); Vinh Hau, Hoa Binh, Bac Lieu 
(VH, 9°12’24.8”N 105°42’54.9”E); Dien Hai, Dong 
Hai, Bac Lieu (DH, 9°06’03.2”N 105°29’49.1”E); 
Tan Thuan, Dam Doi, Ca Mau (TT, 8°58’17.5”N 
105°22’51.8”E) (Fig. 1). These sites are bordered 

with large areas of Avicennia marina and Sonnera-
tia caseolaris mangroves and are characterised by 
a large mudflat area and semi-diurnal tide. Specifi-
cally, these districts are deemed to be susceptible to 
the natural processes including saline intrusion, al-
luvial, sedimentation, storm surges, inundation, soil 
degradation and, especially, coastal erosion (Thanh 
et al. 2013). Using the permitted fishing tools, cod-
end, with nine deep gill nets of 1.5 cm mesh size, 
the samples were collected monthly from January to 
December 2019. At each of the collection sites, three 
gill nets were set up when the tide was highest. After 
2-3 hours when the tide ebbed, the fishes were col-
lected following the method described by Dinh et al. 
(2015). Finally, the collected fish samples were pre-
served in 5% formalin and transported to the labora-
tory for identification using external morphology as 
described in Tran et al. (2013).

The weather in the South of Vietnam is affect-
ed by the tropical monsoon and equatorial climate, 
with the mean annual temperature of ∼27oC (Le et 
al. 2006). Because of the tropical monsoon and the 
equatorial climate, two seasons are formed, i.e. dry 
season (January – May) and wet season (June – De-
cember). The rainfall has been measured at 400 mm 
per month in June – September. 

Fish analysis
In the laboratory, fish specimens were measured 
with the nearest of 0.1 cm in total length (TL) and 
weighted (W) with the nearest of 0.01 g in body 
weight (W). We identified the sexes by the shape of 
the urogenital papilla, which is broad and square in 
females, and narrow and pointed in males.

Data analysis
The relationship between TL and W values was es-
timated by the following formulas (Ricker 1973): 

W = a × TLb 

(W is fish body weight (g), TL is fish total length 
(cm), a is the regression intercept, b is the regression 
slope). Using the function of Le Cren (1951), the 
fish body condition factor was determined: 

WCF
TLba

=
×

 

where W is fish body weight (g), TL is fish total 
length (cm), a is the regression intercept and b is 
the slope. Parameters a and b were inferred from the 
formula LogW = loga + b×LogTL (Froese 2006).

To examine the differences in TL and W be-
tween genders and seasons, the t-test was used. 
One-way ANOVA was used to test the variation of 
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TL and W amongst the six sites. The influence of 
gender and season causing changes on TLs and Ws 
was tested by two-way ANOVA. The determina-
tion coefficient (r2) was used to confirm the qual-
ity of linear regression (Metin et al. 2011). The b 
value obtained from the LWRs of B. koilomatodon 
depending on genders and seasons was quantified 
by t-test. After that, the b value was assessed if it 
was higher than 3, if so, it means the growth type is 
positive allometry. Contrary, the growth was nega-
tive allometry (b<3) and isometric if b=3 (Martin 
1949). The variation of CF value, between months 
and sites, was confirmed by one-way ANOVA, and 
the change of CF between gender and season was 
approved by t-test (Mahmood et al. 2012). The in-
teractions of gender × season, gender × site, and 
season × site influenced b and CF, were tested by 
using two-way ANOVA based on the method of 
Dinh (2016a).

Additionally, the t-test was used to verify the 
significant differences of CF from the favourable 
condition. The SPSS software, v. 21, was applied for 
data analysis. All tests were set at p<0.05.

Results
Morphometrics
A total of 1,063 B.koilomatodon (768 males and 
295 females) specimens were collected at six sites 
from January to December 2019, as shown in Table 
1. The average value of TLs and Ws were different 
between male (7.35±0.04 cm and 6.01±0.09 g) fe-
male (6.54±0.05 cm and 4.44±0.11 g) at significant 
level of 5% (t-test, tTLs=12.73, tWs=10.93, p<0.01, 
Table 1). Regarding the seasons, the result was a 
statistical difference for the mean of TLs and Ws 
amongst dry season (7.39±0.05 cm and 6.05±0.13 
g) and wet season (6.92±0.04 cm and 5.21±0.09 g, 
tTLs=7.45, tWs=5.46, p<0.01, Table 1). Table 1 also 
revealed that sampling sites also affected the varia-
tion of TLs and Ws (one-way ANOVA, FTLs=20.20, 
FWs=17.74, p<0.01, Table 1). Means of TLs and Ws 
were highest in LH (7.73 cm and 6.92 g) and VH 
(7.41 cm and 6.09 g, lowest in AT3 (6.91 cm and 
4.93 g) and TB (6.71 cm and 4.12 g). The average 
of TLs and Ws were 6.96 and 5.12 g in DH, and 
6.83 cm and 5.41 g in TT.

The TLs and Ws were independent on the in-
teractions of the gender × season (two-way ANO-
VA, FTL=0.15, and FW=0.06, p>0.05) and gender 
× site (ANOVA, FTL=1.14 and FW=1.23, p>0.05). 
However, they were affected by the interaction 
between season and site (ANOVA, FTL=5.214 and 
FW=5.755, p<0.05).Ta
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Length-weight relationship and growth pattern
Fish total length at different sizes could be 

used to infer weight under the various conditions 
such as gender, season and site because coefficients 
of LWRs are relatively high (p<0.001, r2>0.8 for 
all cases, except for r2 value in June–July (Tables 
1 and 2).

The growth pattern identification was based 
on the b value. The slope values (b) of females and 
males were 2.58 and 2.71, respectively. Both of 
the growth patterns were negative allometry due to 
their b values were lower than three – the isomet-
ric value (t-test, tfemale=31.80, tmale=53.04, p<0.01, 
Table 1). On the contrary, b value of dry season 
(2.97) was approximately threshold three (t=74.49, 
p<0.01, Table 1), whereas this value in the wet sea-
son (2.45) was lower than three (t=36.94, p<0.01, 
Table 1). Basing on b values, the growth model 
of B.koilomatodon in the dry season was isomet-
ric and wet season was negative allometry. The b 
values of this species in TT (1.97), DH (2.64) and 
VH (2.72) were lower than three (tTT =16.89, tDH 
=29.43, tVH=43.44, p<0.01, Table 1), yet this value 
was closed to three in TB (3.01, t=32.68, p<0.01, 
Table 1) and AT3 (2.96, t=48.55, p<0.01, Table 1), 
higher than three in LH (3.33, t=33.23, p<0.01, Ta-
ble 1). This showed that the growth pattern of goby 
varied with studied sites, ranging from negative al-
lometry (in TT, DH and VH) to isometry (in TB and 
AT3) and positive allometry (in LH, Table 1). Table 
2 displayed monthly variation in the growth pattern 
of this gobiid species. Only two months: February 
(b=3.25) and September (b=3.24) had positive al-

lometry as b values were significantly higher than 
three (tFeb=20.37, tSep=29.70, p<0.01, Table 2). 
From May to July plus October, the growth pattern 
was negative allometry due to b values were lower 
than threshold three (t-test, tMay=11.180, tJun=9.700, 
tJuly=11.660, tOct=16.342, p<0.01, Table 2). The re-
maining months had isometry due to their b values 
were close to three (t-test, p<0.01 for all cases, Ta-
ble 2). 

Condition factor
The condition factor of B. koilomatodon expressed 
through CF value. Comparing to the standard pa-
rameter of one, the CF values did not vary by gen-
der but changed with seasons and studied areas 
(Table 1). Specifically, condition factors of males 
and females were not different significantly at the 
level significance of 5% (t-test, t=0.31, p>0.05, Ta-
ble 1). Meanwhile, this value showed the change 
between dry and wet seasons. The CF value of wet 
season (1.05) was higher than dry (0.98, t=3.80, 
p<0.05, Table 1). The condition factor of this goby 
(CF=0.85-1.16) changed with the studied site, 
reaching up the highest value in TT (1.16) (one-way 
ANOVA, F=13.50, p<0.05, Table 1). This value 
was independent of the interaction of gender × sea-
son (two-way ANOVA, F=0.29, p>0.05, Table 1) 
and gender × site (ANOVA, F=0.22, p>0.05, Table 
1), but it was dependent on season × site interaction 
(ANOVA, F=5.84, p<0.05). The CF of this goby 
was approximated to one – the standard well-being 
parameter though this value changed with months 
(one-way ANOVA, F=3.18, p<0.05).

Table 2. Monthly variations of growth pattern and condition factor of Butis koilomatodon

Sampling times Number of fish
b a

r2 ts Growth pattern
CF

Mean± SE Mean± SE Mean±SE

January 89 2.97±0.14 0.014±0.004 0.844 -0.21 I 0.96±0.01b

February 41 3.25±0.16 0.009±0.003 0.914 1.56 P 1.00±0.02a,b

March 42 2.90±0.15 0.016±0.005 0.910 -0.67 I 0.94±0.02b

April 110 2.93±0.12 0.017±0.004 0.846 -0.58 I 1.04±0.02a,b

May 113 1.89±0.17 0.132±0.044 0.530 -6.53 N 1.09±0.03a,b

Jun 107 1.94±0.20 0.118±0.044 0.473 -5.3 N 1.15±0.04a

July 93 2.03±0.17 0.088±0.029 0.599 -5.71 N 1.02±0.08a,b

August 100 3.01±0.08 0.014±0.002 0.928 0.13 I 0.98±0.01b

September 91 3.24±0.11 0.009±0.002 0.908 2.18 P 1.04±0.01a,b

October 98 2.78±0.17 0.022±0.007 0.736 -1.29 N 1.03±0.04a,b

November 86 3.06±0.08 0.012±0.002 0.943 0.75 I 0.98±0.01b

December 93 2.89±0.05 0.017±.002 0.976 -2.2 I 0.96±0.01b

Total 1,063 2.66±0.04 0.028±0.002 0.801 -8.5 N 1.02±0.01

Note: Different letters showed a significant difference in condition factor (CF)
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Discussion
The results of this study demonstrate a significant 
difference in the weight and total length of B. koilo-
matodon between males and females (Table 1). 
Males are much longer and heavier than females. It 
indicates that the larger male is more successful in 
competing for nest sites. By selecting the best sites, 
they are better in maintaining the sites. If a male Po-
matoschistus minutus fails to build a nest, it is re-
placed by another male (Lindström & Hellström 
1993). Similarly, Houde (2001) has found that males 
of Gobiusculus lavescens are larger than females, 
competitively defending nest sites, courting females 
to attract them to the nest, and showing conspicuous 
breeding colouration. Hence, the body size may be 
the criterion for allowing active mate choice.

TLs and Ws are significantly greater in the dry 
season when compared to those in the wet season, 
which indicates that the seasonal change of environ-
mental factors can influence body size of this fish. 

On the contrary, the morphologic traits of the goby 
Parapocryptes serperaster (see Dinh et al. 2016) 
and Ilisha melastoma (see Mahmood et al. 2012) in 
Pakistan showed no influence of seasons. Generally, 
the dry season is characterised by less rainfall than 
the wet season, plus the saline intrusion; thus, the 
salinity is higher during the dry period. Swennen 
et al. (1995) has stated that some gobies can survive 
in many types of water bodies with different salin-
ity (up to 25‰) and a wide temperature range, from 
28.7 to 36.8oC. Notably, B. koilomatodon is well 
adapted for growing in the dry environment. 

The highest values of TLs and Ws are recorded 
in LH and VH while they were lowest in AT3 and 
VH. The reason for this may come from the differ-
ence of dominant vegetation. E. g., the flora in AT3 
and VH comprises mainly Avicennia marna while 
Bruguiera gymnorrhiza and Sonneratia caseolaris 
are predominant in the flora of VH and LH. Thus, B. 
koilomatodon has a different adaptation depending 
on the interaction with the habitat. Considering the 

Fig. 1. The sampling map in the Mekong Delta (• Sampling areas: 1. Long Huu, Duyen Hai, Tra Vinh; 2. An Thanh 3, 
Cu Lao Dung, Soc Trang; 3. Trung Binh, Tran De, Soc Trang; 4. Vinh Hau, Hoa Binh, Bac Lieu; 5. Dien Hai, Dong 
Hai, Bac Lieu. 6. Tan Thuan, Dam Doi, Ca Mau.
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interactions of gender × season and gender × site, 
they do not cause changes on the growth of this fish 
species. Whereas the season × site interaction, the 
growth has been impacted. This shows the depend-
ence on the type of habitats and wet-dry season pat-
tern for B.koilomatodon. 

Butis koilomatodon exhibits positive relation-
ships between length and weight in gender, season 
and study areas. The connection suggests that the 
fish weight can be estimated from fish length despite 
the fish developmental stages. E.g., TLs reaches 
the highest value in LH and VH, so the highest Ws 
values are also recorded simultaneously. Similarly, 
other co-occurring gobies, e. g. Pseudapocrytpes 
elongates (see Tran 2008), Boleophthalmus bod-
darti (see Dinh 2014), P. serperaster (see Dinh et 
al. 2016), Trypauchen vagina (see Dinh 2016a), 
Periophthalmodon schlosseri (see Dinh 2016b) and 
Oxyeleotris urophthlamus (see Dinh 2016c) display 
positive relationships between length and weight. 
The results of Chukwu & Deekae (2011) on Perio-
phthalmus barbarus and Panicker et al. (2013) on 
Periophthalmus has shown positive LWRs. 

The slope values (b value) fluctuate from 
1.89 to 3.33. This implies that the growth pattern 
is regulated by the months, seasons, sites and gen-
der. E.g., in TT, b value (1.97) is lower than three, 
so the growth pattern is negative allometric growth. 
Conversely, this value is highest at LH Province 
(3.33), indicating positive allometric growth. The 
opposite outcomes are found in P. barbarous in Ni-
geria (King & Udo 1998); P. serperaster (see Dinh 
et al. 2016) and T. vagina (see Dinh 2016a) in the 
Mekong Delta, co-occurring with B. koilomatodon 
as they have adapted well to the environmental 
conditions. Particularly for Stigmatogobius pleuro-
stigma, the b value is significantly lower than the 
isometric threshold (e.g., 3), suggesting this goby 
has a slimmer body shape (Dinh 2017). If b value is 
higher than the threshold of three (positive allomet-
ric growth), the fish would be plumped. Three is the 
desired value (isometric growth) because fish would 
have balanced growth.

Moreover, b values of B.koilomatodon are also 
affected by temperature and rainfall. Thus, the b 
value shows isometry in the dry season and nega-
tive allometry in the wet season. Hence, this spe-
cies has adapted to dry season. The same result has 
been revealed in Table 2, in which growth pattern is 
mainly negative allometry during the rainy season 
(from April to October) but isometry and positive 
allometry during the dry season (from November 
to March). The studies by Tran (2008) on P. elon-
gatus, Dinh et al. (2016) on P. serperaster, Dinh 

(2016a) on T. vagina in the Mekong Delta show 
these fishes could adapt well to their habitat and 
were not impacted by the environmental conditions, 
since the b values of these are a positive allometry 
during the dry and wet seasons. This goby displays 
different growth patterns implying that the growth 
pattern is greatly influenced by environmental con-
ditions. Such as, P. schlosseri displays isometry in 
Malaysia (Khaironizam & Norma-Rashid 2002) 
and Vietnam (Dinh 2016b), yet negative allometry 
in Bangladesh (Saha 2013).

Our study shows that the condition factor of 
B.koilomatodon is not impacted by gender; however, 
they are dependent on the spatiotemporal factors such 
as season and locality. This suggests that the body 
conditioning of this goby cannot be related to the fish 
developmental stages. Likewise, the change of CF of 
P. barbarus is not affected by genders (King & Udo 
1998, Chukwu & Deekae 2011). In contrast, CF has 
a powerful relationship with the fish developmental 
stage in the case of P. serperaster (see Dinh et al. 
2016). The CF value of B. koilomatodon in the wet 
season is higher than in the dry season (Table 1), as it 
fluctuates around the threshold of one within twelve 
months (Table 2). This implies that B.koilomatodon 
can live in a favourable environment, which is also 
found for the gobiids P. elongatus (see Tran 2008), P. 
serperaster (see Dinh et al. 2016) and T. vagina (see 
Dinh 2016a). 

Both factors, i.e. the studied regions and sea-
sons, have influenced the growth of B. koilomato-
don. Since the b values are higher than the isometric 
threshold of three and on the basis of the data in Ta-
ble 1, B. koilomatodon in LH and TB is nutrition-
ally favourable for growth. Two months, February 
and December, are the most suitable time for the 
development of this species (Table 2). The types of 
growth of B. koilomatodon do not change with gen-
der. Similarly, the same outcomes have been found 
on P. barbarus (see King & Udo 1998, Chukwu & 
Deekae 2011), P. serperaster (see Dinh et al. 2016) 
and T. vagina (see Dinh 2016a). However, the in-
teraction between seasons and sites has an impact 
on the value of CF of B. koilomatodon. This result 
shows a difference from those obtained by Dinh et 
al. (2016) for P. serperaster, which has been affect-
ed by the interaction of шге gender and the season 
in the Mekong Delta.

Conclusion
Butis koilomatodon exhibits positive relationship 
between TLs and Ws; thus, Ws can be inferred from 
TLs values. Factors such as gender, season, site and 
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interaction between season and site affect length-
weight relationship and growth pattern. The growth 
shows an isometric growth pattern in the dry season 
and sites in TB and AT3, and a positive allometric 
pattern in LH and TB. For the remaining cases, the 
growth shows negative allometric pattern. The tem-
poral factor also affects the growth pattern, usually 
felling into isometric and positive allometric pat-
terns in the months of the dry season. This species 
is well adapted to the dry season at the sites studied 
since the overall CF values are close to one.

Acknowledgments: This study was funded by the Ministry of 
Education and Training under grant number B2019-TCT-02. We 
are grateful to local fishermen for fish collection, and to students 
and staff at the Department of Biology, School of Education, 
Can Tho University for assisting in this project. 

References

Abdoli A., Allahyari S., Kiabi B. H., Patimar R., Ghelichi A., 
Mostafavi H., Aghili S. M. & Rasooli P. 2009a. Length-
weight relationships for seven gobiid fish species in the 
southeastern Caspian Sea basin, Iran. Journal of Applied 
Ichthyology 25 (6): 785–786.

Abdoli L., Kamrani E., Abdoli A. & Kiabi B. 2009b. Length-
weight relationships for three species of mudskippers 
(Gobiidae: Oxudercinae) in the coastal areas of the Persian 
Gulf, Iran. Journal of Applied Ichthyology 25 (2): 236–237.

Blaber S. J. 2008. Tropical estuarine fishes: ecology, exploitation 
and conservation. John Wiley & Sons. 372 p.

Chukwu K. & Deekae S. 2011. Length-weight relationship, 
condition factor and size composition of Periophthalmus 
barbarus (Linneaus 1766) in New Calabar River, Nigeria. 
Agriculture and Biology Journal of North America 2 (7): 
1069–1071.

Dinh Q. M. 2014. A preliminary study on length-weight relation-
ship of the mudskipper Boleophthalmus boddarti in Soc 
Trang. Tap chi Sinh hoc 36 (1): 88–92.

Dinh Q. M. 2016a. Growth pattern and body condition of Try-
pauchen vagina in the Mekong Delta, Vietnam. The Journal 
of Animal and Plant Sciences 26 (2): 523–531.

Dinh Q. M. 2016b. Growth and body condition variation of the 
giant mudskipper Periophthalmodon schlosseri in dry and 
wet seasons. Tap chi Sinh hoc 38 (3): 352–358.

Dinh Q. M. 2016c. Length-weight relationship of the goby 
Oxyeleotris urophthlamus in Soc Trang. The 2nd National 
Scientific Conference on Biological Research and Teach-
ing in Vietnam. Da Nang: Vietnamese National Univeristy 
Publisher, pp. 637–641.

Dinh Q. M. 2017. Morphometrics and condition factor dynamics 
of the goby Stigmatogobius pleurostigma (Bleeker 1849) 
during dry and wet seasons in the Mekong Delta, Vietnam. 
Asian Fisheries Sciences 30 (1): 17–25.

Dinh Q. M., Nguyen T. T. G. & Nguyen T. K. T. 2015. Reproduc-
tive biology of the mudskipper Boleophthalmus boddarti 
in Soc Trang. Tap chi Sinh hoc 37 (3): 362–369.

Dinh Q. M., Qin J. G., Dittmann S. & Tran D. D. 2016. Morpho-
metric variation of Parapocryptes serperaster (Gobiidae) 

in dry and wet seasons in the Mekong Delta, Vietnam. 
Ichthyological Research 63 (2): 267–274.

Froese R. 2006. Cube law, condition factor and weight-length 
relationships: history, meta-analysis and recommendations. 
Journal of Applied Ichthyology 22 (4): 241–253.

Froese R. & Pauly D. 2019. FishBase. World Wide Web elec-
tronic publication. 12/01/2020. www.fishbase.org

Hortle K. G. 2009. Fisheries of the Mekong River Basin. In: 
Campbell, I. C. (Ed.): The Mekong. San Diego, United 
States: Academic Press, pp. 197–249.

Houde A. E. 2001. Sex roles, ornaments, and evolutionary expla-
nation. Proceedings of the National Academy of Sciences 
98 (23): 12857–12859.

Khaironizam M. Z. & Norma-Rashid Y. 2002. Length-weight 
relationship of mudskippers (Gobiidae: Oxudercinae) in the 
coastal areas of Selangor, Malaysia. Naga 25 (3-4): 20–22.

Kieu Linh 2019. Vietnam is over-exploiting aquatic re-
sources. Ha Noi: VnEconomy. 16/07/2020. http://
vneconomy.vn/9-thang-xuat-khau-thuy-san-dat-gan-63-ty-
usd-20191008084816166.htm

King R. P. & Udo M. T. 1998. Dynamics in the length-weight 
parameters of the mudskipper Periophthalmus brabarus 
(Gobiidae), in Imo River estuary, Nigeria. Helgoländer 
Meeresuntersuchungen 52 (2): 179–186.

Le Cren, E. 1951. The length-weight relationship and seasonal 
cycle in gonad weight and condition in the perch (Perca 
fluviatilis). Journal of Animal Ecology 20 (2): 201–219.

Le T., Nguyen M. T., Nguyen V. P., Nguyen D. C., Pham X. H., 
Nguyen T. S., Hoang V. C., Hoang P. L., Le H. & Dao 
N. C. 2006. Provinces and City in the Mekong Delta. Ha 
Noi: Education Publishing House. 575 p.

Lindström K. & Hellström M. 1993. Male size and parental 
care in the sand goby, Pomatoschistus minutus. Ethology 
Ecology & Evolution 5 (1): 97–106.

Mahmood, K, Ayub Z., Moazzam M. & Siddiqui G. 2012. 
Length-weight relationship and condition factor of Ilisha 
melastoma (Clupeiformes: Pristigasteridae) off Pakistan. 
Pakistan Journal of Zoology 44 (1): 71–77.

Martin W. R. 1949. The mechanics of environmental control 
of body form in fishes. Canada: University of Toronto 
Press. 1–91 p.

McDowall R. M. 1997. The evolution of diadromy in fishes 
(revisited) and its place in phylogenetic analysis. Reviews 
in Fish Biology and Fisheries 7 (4): 443–462.

Metin G., Ilkyaz A. T., Soykan O. & Kinacigil H. T. 2011. Age, 
growth and reproduction of four-spotted goby, Deltentosteus 
quadrimaculatus (Valenciennes, 1837), in İzmir Bay (central 
Aegean Sea). Turkish Journal of Zoology 35 (5): 711–716.

Miller P. J., Wright J. & Wongrat P. 1989. An Indo-Pacific 
goby (Teleostei: Gobioidei) from West Africa, with system-
atic notes on Butis and related eleotridine genera. Journal 
of Natural History 23 (2): 311–324.

Panicker B., Katchi V. & Gore B. 2013. Morphometry and 
length-weight relationship of goby, Parachaeturichthys 
ocellatus (Day 1873) from Malad creek, Mumbai. Inter-
national Journal of Engineering and Science Invention 2 
(7): 86–91.

Poulsen A. F., Viravong O. P. S., Suntornratana U. & Nguyen 
T. T. 2002. Fish migrations of the Lower Mekong River 
Basin: implications for development, planning and en-
vironmental management. Phnom Penh: Mekong River 
Commission, 62 p.



106

Lam T. T. H. & Q. M. Dinh

Ricker, W. E. 1973. Linear regressions in fishery research. 
Journal of the Fisheries Research Board of Canada 30 
(3): 409–434.

Saha B. 2013. Mudskipper, Periophthalmodon schlosseri (Pallas) 
from the Naf River. Bangladesh Journal of Scientific and 
Industrial Research 47 (4): 449-452.

Swennen C., Ruttanadakul N., Haver M., Piummongkol S., 
Prasertsongskum S., Intanai I., Chaipakdi W., Yeesin 
P., Horpet P. & Detsathit S. 1995. The five sympatric 
mudskippers (Teleostei: Gobioidea) of Pattani area, 
southern Thailand. Natural History Bulletin of the Siam 
Society 42: 109–129.

Thanh N., Tuan V., Dan N., Trung N. & Zheng J. 2013. Overview 
of estuary research and waterway engineering in Vietnam. 

Proceeding of the 35th IAHR World Congress. pp. 1–13.
Tran D. D. 2008. Some aspects of biology and population dy-

namics of the goby Pseudapocryptes elongatus (Cuvier, 
1816) in the Mekong Delta. Malaysia: Universiti Malaysia 
Terengganu, 186 p.

Tran, D. D., Shibukawa, K., Nguyen, T. P., Ha, P. H., Tran, X. 
L., Mai, V. H. & Utsugi, K. 2013. Fishes of Mekong Delta, 
Vietnam. Can Tho: Can Tho University Publisher. 174 p.

Trinh, K. N. & Tran, D. D. 2012. The status of capture fisheries 
and management of marine fishes in Soc Trang Province. 
Can Tho University Journal of Science 24b: 46–55.

Received: 28.02.2020 
Accepted: 05.08.2020


